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The Deep Tropical Squeeze (DTS)

Under 2x or 4xCO,, all 33 CMIP5 models
showed a warmer and “moister” (increased

specific humidity) world :

- Narrowing and intensification of the ITCZ
convective core

- ore high clouds in the
uds in subtropics

A deeper Hadley Circulation (HC), coupled

to a widening subtropics

- Increased subsidence and low level
moisture divergence in subtropics,

ncreased tropospheric, and near surface
ing in a widening subtropics

(Lau et al., 2013 GRL, Lau and Kim, 2015, PNAS
Wodzicki and Raap, 2016, Bryne and Schneider,

2016, Su et al., 2017
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The Goddard Multiscale Modeling Framework (GMMF)

« The GMMF uses GEOS model as a host GCM and a GEOS GCM
2D GCE model as the embedded CRM component.

« The moist parameterizations in GEOS GCM were
replaced by a embedded 2D GCE at each GCM grid
column to explicit simulate clouds and convections.

« The GEOS GCM has 2.0° X 2.5° grid spacing with
48 vertical layers stretching from the surface to 0.4
hPa.

« The 2D GCE has 32 x 44 (x-z) grid points with 4 km
horizontal resolution and time step of 10 second.

* Globally there are more than 13,100 copies of 2D
GCE running concurrently.

« The GMMF allows two-way interactions between
cloud and large scale.




Cloud-radiation-circulation interactions : GMMF results

Sharpening
of ITCZ convection

More warming in tropics
More cooling in polar regions

Enhanced
mid-latitude
Strom tracks
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Changes in diabatic heating and dynamical

tendencies

6§+_.V_+_6§_ + L ) V-3 0s'w’

EP v-Vs wap—QR c—e s'v op
0s
3F = DYN + Qup + Qs + Qrw + Qres ~ O, for steady state

where S= dry static energy (CpT + gz)
. —_ . _ 05 ,
DYN = — (v Vs +w a) dynamical tendency

Qup, heating by moist physics
Qsw, Sshortwave heating
Q,w, longwave heating

Q,es transients, unresolved subgrid processes



Diabatic heat balance in Control Climatology in GMMF: January

(a) MP 50 (b) Rad Control(Jan)
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Dynamical adjustment induced by CRCI: Control minus No-CRF

DTS signal
in l[atent
heating

H ~ adiabatic
heating/cooling
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CRCl and extreme precipitation in the tropics (30S-30N)

(a) MP (b) Rad CTL—NoCRF(Jan)
100 100 g
200 1 18 20042 = & 1.8 . .
300- L 4 Radiation feedback;
400 1 4004 = .
s00] ' '/ 5 ooy 52 wetter gets warmer,
wet gets wetter (RS 2 \ oz TS
dry gets drier 7 e ol -6 drier gets cooler
g ~ Ta B0l gy By
1000-3.'»-25 -2-15- ?m 2 1000-3-25-2 15- 1-050 05 1 1.5 2
100 Se)RDyLMO 100 (f) Dyn+MP
200 1 18 200 1 1.8 .
300 o 0] 14 strong dynamic
400 1 400 4 . .
500- 2 500 53 cooling (warming)
- -2 -0.2 )
W I'e= Qua/C, 10 EEE ) -0s In wet (dry) regions
in heavy rain S L Pt sso i) -1
regions 0y s 21510506 05 1 15 2 0 352151050 05 1 15 2
log10(Pcpn) log10(Pcpn)

& Drier Wetter—=> & Drier Wetter—> 8



Lasitude

-60
«180-170-160-150-140-130-120-110-100 -30 -80 -70 -60 -50 40 -30 -20 <10 0 10 20 30 40 S0 €0 70 80 $0 100 110 120 130 140 150 160 170 180

Does CRCI modulate ITCZ Convection
Atmospheric Rivers?

Morphed composite: 2016-01-04 00:00.00 UTC

Longitude

and




AR detection using Integrative water vapor transport (IVT) from MERRA2

(@) IVT at 09Z09Nov2014 AR Samples
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GPM CSH heating profiles (Tao et al., 2018)

6 (a) January (CSH) 6 (c) July (CSH) (K/day)
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Stronger, deeper LH profiles over eastern N. Pacific
and US westcoast during ARs

o (a) AR Land Frequency (140W—110W)
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ITCZ convection and Atmospheric River

IMERG Precip
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Enhanced Atmospheric River under DTS ?
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MODIS Cloud Regime (CR) Classification daily, global, 1x 1 degree (2000-2015)
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Figure 1. Centroids (mean histograms) of the 12 cloud regimes (CRs) derived from clustering analysis on 12 years of MODIS
C6 Aqua-Terra pc-t joint daily histograms at a resolution of 1°. Additional information included in each panel is the mean
global cloud fraction CF and relative frequency of occurrence (RFO) of each CR.
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Figure 3. Boxplot of the 500 hPa large-scale vertical velocity associated with
each CR, derived from compositing MERRA data. The box length indicates
the interquartile range, the horizontal line is the median, and the symbol
represents the mean.
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Figure 4. Liquid, ice, and total CF for each CR derived from compositing
gridded MODIS A values. The total A values are slightly above the sum of
liquid and ice A because of pixels of undetermined thermodynamic phase.

Oreopoulos et al (2016)



Cloud Regime analyses for AR

MODIS CR & IVT [02-16-2017, Aqua track]

MODIS CR & IVT [02-18-2017, Aqua track]
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25 (a) AR Frequency
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The Deep Tropical Squeeze (DTS) Hypothesis : A testbed for
cloud-radiation-circulation interactions

Increased precipitation
more LW cooling deeper clouds more LW cooling
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Cloud regime analysis for ARs

MODIS CR & IVT [02—16—2017, Aqua track]
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Modulation of AR activities and ITCZ
convection by CRCI

o (a) Premp/lMERG (Dec 1- 10 2015)
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Changes in diabatic heating and dynamical

tendencies

6§+_ V_+_6§_ + L ) V-3 0s'w’

EP v-Vs wap—QR c—e s'v op
0s
3F = DYN + Qup + Qs + Qrw + Qres ~ O, for steady state

where S= moist static energy (CpT + gz)
— —_ . _ 085 ,
DYN = — (v Vs +w a) dynamical tendency

Qup, heating by moist physics
Qsw, Sshortwave heating
Q,w, longwave heating

Q,es transients, unresolved subgrid processes



* Fig. 9,

Anomalies of CSH latent heating profile for
strong vs. weak ITCZ rainfall



Plot TOA area-weighted radiative SW and LW fluxes climatologies and anomalies to
Compare with vertical mass flux in same coordinates
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Additional figures

Comparison of Qyp, Qg and Qy from GMMF
to:

Zonal mean radiative heating profile, from
Cloudsat HERB ( L'Ecuyer et al. 2010 ??)



(a) Temperature

200+
250-
300-
400-
500-

700 1
850 1

(c) Zonal winds

25

1000

90S  60S

4.5
3.5
25
1.5
0.5
-0.5
-1.5
-2.5
-3.5
-4.5

(b) —omega MMF(CTL—NoCRF)

100

2001
2501
300
400+
500

700 :
850 1
1000
90S

(d) Cloud (lce+Liquid)

100

Change zonal wind to relative humidity

0.027
0.021

0.015
0.009
0.003
0.003
0.009
0.015
0.021

0.027

4.5
3.5
25
1.5
0.5
-0.5
-1.5
-25
-3.5
-4.5



a) RH b) Tem CTL—NoCRF(Jan
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(a) MSE (Lq + CpT + gz)
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